INTRODUCTION
Little has been published on injection drug use in subSaharan Africa, where HIV continues to be a leading cause of death and disability. 1, 2 In Kenya, where the epidemic is largely driven by sexual transmission, parenteral transmission is increasingly becoming recognized 3, 4 ; an estimated 18.7% of incident HIV infections on the Kenyan coast and 7.5% nationally are attributed to people who inject drugs (PWID). 5 However, evidence-based prevention and care for PWID including needle syringe programs (NSP) and PWID-specific antiretroviral therapy (ART) support have been nearly nonexistent in this region. 6 Recent size estimation in Kenya revealed a growing PWID population, high background HIV prevalence, 7 and high-risk behaviors. 8, 9 PWID are highly vulnerable to HIV and can be a bridge for HIV transmission to general populations. Needle sharing 10, 11 and other high-risk behaviors (including "flashblood," wherein users who cannot afford heroin inject the blood of a PWID who recently injected) are common. 12, 13 HIV prevalence among PWID in sub-Saharan Africa is estimated to range from 5.5% to 42.9%. 14 In Kenya, PWID HIV prevalence is estimated at 18% versus 5.6% in the general population; 29.8% reported sex without a condom in the past month; 51.6% reported use of sterile injecting equipment the last time they injected. 15 An analysis of a multicountry survey found that 12 of 14 (86%) female injectors in Nairobi engaged in sex work. 16 In subSaharan Africa, the region with highest HIV prevalence globally, injectors can exacerbate HIV epidemics, given the rapid nature that is the hallmark of HIV epidemics among PWID. 14, 17 Key interventions are highly effective in reducing risk of HIV acquisition [male circumcision, preexposure prophylaxis (PrEP)] and transmission (early initiation of ART), especially when used in a "combination prevention" approach. 18 Nine evidence-based interventions have been endorsed for prevention, treatment, and care of HIV in PWID, 19 with NSP, opioid substitution therapy (OST), and ART for HIV positives recommended as an international minimum standard. PrEP use has been recommended by the Centers for Disease Control and Prevention as a potential option to reduce HIV among high-risk PWID, 20 although PrEP has not yet been widely implemented in many countries. 21 The World Health Organization (WHO) notes that NSPs are effective in reducing HIV transmission, 22 especially in high-income countries. [23] [24] [25] [26] NSPs can be effective in reducing HIV in lower income country settings if implemented on a public health scale, 23, 27, 28 and OST can also be effective for reducing illicit drug use and associated HIV risk behavior in middle/low-income settings if implemented according to WHO guidelines. 29, 30 Still, interventions in low/middle income countries do not have the benefit of high-income countries' more available resources, stronger health systems, and generally stable policy structures that influence HIV epidemic control, so that additional research on controlling HIV among PWID in transitional/low/middle income countries is clearly needed.
In 2013, Kenya implemented NSP at a countrywide level. This article is one of the first to describe baseline PWID risks before evaluating the potential effect of NSP in this key population. Our study leverages the Government of Kenya's decision to launch NSP for PWID. Using time series and stepped wedge cluster-randomized design elements, our "Testing and Linkage to Care for Injecting Drug Users" study will provide among the first data regarding implementation of a "seek, test, treat, and retain" approach to PWID in sub-Saharan Africa. 31 Lessons learned will inform how Kenya and other countries in the region can best address the growing PWID contribution to the HIV epidemic. We present baseline data on HIV prevalence, estimated incidence, drug use and injecting behaviors, sexual risk behaviors, and viral load distribution among the PWID population in Kenya, Nairobi and the Coast region and consider the possible future HIV transmission in these areas.
METHODS

Study Sites
Study participants were recruited from 10 sites that were implementing partners for Kenya's NSP program working with PWID in Nairobi or Coast regions. Site sample sizes ranged from 86 to 231 (median: 204.5), with 663 PWID enrolled in Nairobi and 1122 enrolled in the Coast region between May 2012 and December 2012. Of the 10 study sites, 4 were in Nairobi and 6 in Coastal Mombasa. The 4 study sites in Nairobi, being more urban, are in close proximity, whereas most of the 6 study sites in Coastal Mombasa are spread apart from each other. In the beginning of the government's NSP rollout, there was some opposition from religious leaders in the Coast, especially from the Muslim community. However, with sensitization and engagement, the community began accepting the needed services for PWID. Most sites were close to the location where drug sales and injecting bases exist, which facilitates active PWID to approach program sites for services, such as NSP and others. Although there is some variability across sites in Nairobi and the Coast, most sites offer the WHO-recommended 9 elements package of PWID services. Most of the study's partner sites have a growing infrastructure and supportiveness for prevention, treatment, and care of PWID. Only 2 of the partner sites do not offer direct services for PWID as they are hospitals; therefore, study participants from those 2 sites seek PWID services at other sites.
Sampling Design and Recruitment
Inclusion Criteria
Participants were at least 18 years old, lived in Nairobi or Coast regions, injected nonprescribed drugs at some point in their lifetime, and used nonprescribed drugs by any route of administration in the past year. Potential participants were not enrolled if they were under the influence of substances and thus unable to consent, reported being forced to participate, or if the interviewer was not confident that the potential participant was a PWID based on responses to questions about injection drug use particulars and visual observation of the skin.
Respondent-Driven Sampling
We used respondent-driven sampling (RDS) to overcome some of the limitations of other sampling methods for hard-to-reach populations. RDS's adaptation of chain referral methods allows for adequate population coverage and calculation of inclusion probabilities for each individual. 32, 33 With each inclusion probability known, the proportion of population members with a specific characteristic (eg, PWID with HIV) can be estimated in an asymptotically unbiased way. 33, 34 RDS starts with a number of "seed" participants, members of the target population who begin the sampling process by recruiting others from their social networks. Each recruit can recruit additional population members. Theoretically, the final sample will be independent of the initial seeds if a sufficient number of recruitment waves are undertaken 33 and sample composition becomes stable despite additional waves of recruitment, a state referred to as "equilibrium."
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Attainment of equilibrium and independence of the final sample can be facilitated by limiting the number of recruits any one individual can bring in. 36 In our study sites, recruitment was initiated by 3-5 seeds who were trained to recruit PWID peers using coded recruitment coupons (mean and median of 3 coupons given). Overall ineligibility was 8% (162 of 1947 not eligible), most (69%) because the interviewer was not confident they were a PWID.
Data Collection Biometric Data Collection
We used biometric (fingerprint) unique ID generation to prevent more than one enrollment of an individual PWID per study phase and to be able to track repeat visits over the course of the study beyond baseline. We used NCheck (Neurotechnology Inc., Vilnius, Lithuania) biometric application and Dropbox (Dropbox Inc., San Francisco, CA) to synchronize ID databases in all the sites in real time.
Handheld-Assisted Personal Interview
Behavioral data were collected by staff-administered survey using encrypted Android tablets with Open Data Kit Collect software (ODK, University of Washington, Seattle, WA). The interview collected demographic information and assessed risks including HIV test history, parenteral and sexual risk behaviors, alcohol/drug use, exposure to services, prevention methods, treatment adherence, and mental health indices. Data from the 1947 enrolled participants were transferred to a secure encrypted server using GSM and 3 G networks (Safaricom, Kenya).
Experience and Training of Interviewers
Study staff were trained in human subject protection in addition to Kenyan program standards and training for TLC-IDU study procedures. All study staff had national certification for HIV testing and counseling and for phlebotomy. The National HIV Reference Laboratory in Nairobi conducted quality control proficiency testing of every staff member who conducted HIV testing on a quarterly basis. A booster training was provided to study staff halfway through the baseline period.
Laboratory Testing HIV
After obtaining study consent and completing the survey, staff conducted HIV pretest counseling, confirmed participant's decision to test and receive results, and carried out HIV testing using a rapid serial assay algorithm following Government of Kenya guidelines. Screening specimens that tested negative using Alere Determine HIV-1/2 Ag/Ab rapid test (Alere Inc., Waltham, MA) were reported as negative. Those who tested positive were confirmed using a second assay, Uni-Gold HIV-1/2 (Trinity Biotech PLC, Wicklow, Ireland). If this second test was positive, the result was reported as positive. When 2 tests were discordant, specimens were sent to the National HIV Reference Laboratory for enzyme-linked immunosorbent assay, results of which were reported as the true results and appropriate posttest counseling and referrals was given. Quality control was maintained by collecting a dried blood spot (DBS) on every 20th HIVnegative and every fifth HIV-positive specimen collected, using Vironostika HIV-1/2 antigen/antibody and Murex HIV.1.2.O in parallel testing.
Viral Load Testing
To assess community viral load at baseline, we collected DBS specimens from all HIV-positive participants' fingertips onto Whatman 903 Specimen Collection paper, which was dried overnight then shipped in glycine in a ziplock bag with desiccant and humidity indicator card to the National HIV Reference Laboratory where DBS specimens were stored at 220°C until analyzed. The National HIV Reference Laboratory used the COBAS AmpliPrep/COBAS TaqMan HIV-1 Qualitative Test, version 2.0 (CAP/CTM v2.0) to obtain HIV-1 viral load results. Laboratory staff excised one 12-mm circular punch from the Whatman 903 Specimen Collection paper and placed it into a Sample input tube (S-tube). Afterward, 1100 mL of Specimen PreExtraction Reagent was added to the S-tube containing the circle of the collection paper and incubated in an Eppendorf Thermo mixer comfort at 56°C with continuous shaking at 1000 rpm for 10 minutes. Once specimens were ready, laboratory staff ran the specimens using the COBAS AmpliPrep instrument for automated specimen processing and the COBAS TaqMan analyzer for automated amplification and detection. AMPLILINK Software, 3.3 Series was needed to run the specimens and determine the results.
Data Analysis
Version 0.5 of the RDS R package 37 was used to calculate population estimates of HIV prevalence and other variables while taking into account social network sizes and patterns of recruitment. Version 3.03 of the R statistical computing environment 38 was used for all other analysis. Logistic regression was used to examine bivariate correlates of HIV infection in each study region. Logistic regression was also used to estimate the unique effects of predictors in multivariable models; starting with models containing all main effects, terms were removed from multivariable models using backward elimination of nonsignificant terms (P . 0.05).
Estimation of HIV incidence among new injectors followed methods used by Des Jarlais et al. 39 These methods have been used in other recent studies. 40, 41 Two opposing factors were considered when deciding which PWID to include in estimates of incidence. Including PWID with more years injecting increases sample size and allows for examination of a key assumption. Including PWID with fewer years injecting reduces the likelihood of differential loss of people with, versus without, HIV infection from the pool of potential recruits. To balance these opposing factors, we included PWID with 5 or fewer years injecting as "new injectors" contributing to estimation of incidence. These new injectors were defined as those whose age at the time of the survey was no more than 5 years greater than their reported age at first injection. About two-thirds of all participants were classified as new injectors (n = 1185; 66.4%). The incidence estimate assumes the following: (1) all new injectors were uninfected when they began injecting; (2) the number of incident cases among new injectors is equal to the number who tested positive for HIV at the time of the survey; (3) HIV infection among those who tested positive occurred midway between the start of injecting and the time of the survey; (4) the time at risk for new injectors testing negative was the total time from first injection to the survey; and (5) there was no differential loss of HIV positives versus HIV negatives in the PWID population in the short time periods between the first injection and time of interview. As the assumption that all subjects were uninfected when they began injecting is not likely to hold for the generalized epidemic in Kenya, we conducted additional analysis of incidence using logistic regression considering the probability of infection before injecting began and the increase in the probability of infection with each year of injecting among new injectors. This approach allowed for estimating incidence due to injection while adjusting for HIV prevalence at the time injection began. Table 1 describes the age and gender of study participants by study region. Participants were typically young adult men, although most were women in 1 of the 10 study sites.
RESULTS
Demographic Characteristics
Diagrams for recruitment chains in each study site with HIV status differentiated (uninfected, previously diagnosed, and newly diagnosed) are presented in (see Figures S3-S12 , Supplemental Digital Content, http://links.lww.com/QAI/A720). These figures show discordant recruitment relationships are frequently observed (positive recruiter and negative recruit or negative recruiter and positive recruit). Excluding 31 seed participants, approximately one-quarter of all recruitment relationships were HIV discordant (26.2%; 460 of 1754 recruits). In more than half of these HIV discordant recruitment relationships, the recruiter was infected and the recruit was uninfected (56.3%; 259 of 460).
Years Injecting
In the Nairobi region, years injecting ranged from 1 to 37, with a median of 2 years. One and 6 years of injecting marked the lower and upper quartiles of years injecting. Thus, 75% of Nairobi participants injected for 6 or fewer years. In the Coast region, years injecting ranged from 1 to 36, with a median of 4 years. Two and 8 years marked the lower and upper quartiles of years injecting. Thus, 75% of Coast participants injected for 8 or fewer years.
HIV Prevalence
Estimated HIV prevalence, adjusted for differential network size and recruitment relationships was 14.5% in Nairobi (95% CI: 10.8 to 18.2) and 20.5% in the Coast region (95% CI: 17.3 to 23.6). Population homophily for positive HIV serostatus was 1.21 in Nairobi and 1.27 in the Coast region, which indicates 21%-27% more ties with concordant status than would be expected if ties form without regard to HIV infection. Convergence plots were used to determine whether equilibrium was reached in the HIV serostatus estimates in each site. In both regions, estimates of positive HIV serostatus changed little over the past 50 participants recruited.
Estimated HIV Incidence Among New Injectors
The 1185 new injectors across all study sites contributed a total of 2544.5 person-years at risk. A total of 145 of these new injectors had HIV infection at the time of the survey. Therefore, estimated incidence was approximately 5.7 per 100 person-years at risk (95% CI: 4.8 to 6.7). We also estimated incidence only for new male injectors. New male injectors contributed a total of 2253 person-years at risk, and 94 had HIV infection at the time of the survey. Therefore, estimated incidence was approximately 4.2 per 100 personyears at risk among male new injectors (95% CI: 3.4 to 5.1). The number of new female injectors and total time at risk among new female injectors were not sufficient for estimating incidence, but the difference between total and male incidence suggests incidence among female injectors may be higher.
General population HIV prevalence among young adults in Kenya was 5.6% in 2012, 42 which makes the assumption that all participants were uninfected before they began injecting untenable. Using logistic regression, we estimated that prevalence among PWID was 7.0% in Nairobi and 9.2% in the Coast region before the start of injecting, higher prevalence than the general population before injecting began. As shown in Figure 1 , among new injectors, prevalence increased to 19.5% in Nairobi and 17.4% in the Coast region after 5 years of injecting. Averaging over the first 5 years of injecting and subtracting estimated prevalence before injecting began, this suggests annual HIV incidence of 2.5% in Nairobi and 1.6% in the Coast region.
Viral Load
Results of viral load testing were available for 71 Nairobi participants and 216 Coast participants (71% of 404 participants with HIV). Figure 2 shows distributions of log 10 HIV viral load among participants with newly diagnosed and previously diagnosed HIV infection. Viral load (log 10 transformed) in Nairobi ranged from 1.71 to 6.12 (median: 4.41; interquartile range: 3.51-4.94). In the Coast region, log 10 viral load ranged from 1.71 to 5.88 (median: 4.01; interquartile range: 3.44-4.72). A log 10 viral load of 2.6 (ie, 398 RNA copies per mL) can be used as a threshold for HIV viral suppression. 43 Using this threshold, the percentage of HIV-infected PWID participants with viral suppression was 4.2% in Nairobi and 4.6% in the Coast region.
Sexual Risk Behaviors
Among all participants, the prevalence of sex without a condom at last sex with a main partner was 18% in Nairobi and 24% in the Coast, and the prevalence of sex without a condom at last sex with a casual partner was 5% in Nairobi and 6% in the Coast. Among participants sexually active with a main partner (21% in Nairobi and 26% in Coast), the prevalence of sex without a condom at last sex with a main partner was 86% in Nairobi and 87% in the Coast. Among participants sexually active with a casual partner (10% in Nairobi and 14% in the Coast), the prevalence of sex without a condom at last sex with a casual partner was 54% in Nairobi and 43% in Coast. Average age at sexual debut was similar (16.4 years, SD: 3.4, Nairobi and 16.7, SD: 3.5 Coast).
Injection Drug Use and Injection Risk Practices
Heroin was the most commonly injected drug in both Nairobi and the Coast and was the most commonly used drug in the past month for 93% of participants. Participants typically injected 2-3 times per day nearly everyday in the past month. Receptive needle/syringe sharing at the last injection was more common in Nairobi (23%) than the Coast region (4%). At the times the surveys took place, there were no active needle and syringe programs in the areas where PWID were recruited. Participants were asked about the sources of their syringes. The most common sources identified were pharmacy (72%), the place where the PWID injects (12%), and dealers (8%). Table 2 presents bivariate correlates of HIV infection. In Nairobi, male gender and age at first injection were associated with reduced odds of infection; PWID social network size, years injecting, injections per day, and receptive needle/syringe sharing were associated with increased odds of infection. In the Coast, male gender and age at first injection were associated with reduced odds of infection; age, years injecting, number of injections past month, days injecting in past month, injections per day, receptive needle/syringe sharing, receptive sharing of other injecting equipment, and older age at sexual debut were associated with increased odds of infection. Table 3 presents results of multivariable logistic regression analysis to determine unique predictors of HIV infection. In Nairobi, male gender was associated with reduced odds of infection; years injecting and receptive needle/syringe sharing were associated with increased odds of infection. In the Coast, male gender was associated with reduced odds of infection; years injecting, number of injections past month, and receptive needle/syringe sharing were associated with increased odds of infection.
Correlates of HIV Infection
DISCUSSION
In this article, we set out to describe baseline PWID risks before evaluation of Kenya's NSP and to gather information regarding potential transmission risks in this high-need key population that can serve as a transmission bridge to general populations. We documented that HIV infection is well established among PWID in both Nairobi and the Coast region, with prevalence well above that of the general young adult population. HIV prevalence among PWID in these regions is well above "low" (,5%), although still just below "high" (.20%) designations. 19 Our incidence estimates suggest that HIV is spreading in PWID populations -clearly not zero although also not the 10+/100 person-years associated with extremely rapid PWID transmission. Nonetheless, it remains above the levels noted in Kenya among some other key populations such as female sex workers (eg, in a Mombasa FSW cohort ;3/100 person-years). 44 Targets for HIV risk reduction among Kenyan PWID have been identified by Strathdee et al 45 and incorporated into the national NSP and the HIV Prevention Revolution Roadmap 46 in Kenya.
Injecting risk behaviors, for example, syringe sharing at last injection, was comparatively moderate, with a lower rate in the Coast. The effect of gender in multivariable logistic regression analysis suggests some HIV acquisition maybe due to sexual transmission before or after initiation of injecting, but effects of duration and frequency of injection as well as syringe sharing on the probability of HIV infection indicate parenteral transmission as well. The connections between HIV-positive and HIV-negative individuals noted in our RDS recruitment chains (see Figures S3-S12 , Supplemental Digital Content, http://links.lww.com/QAI/A720 1-10, RDS recruitment chains) clearly demonstrate potential additional transmission, including through parenteral and sexual networks.
Limitations
Small sample sizes in some study sites decrease confidence in HIV prevalence estimates based on respondent-driven sampling. The assumption that PWID are uninfected at the start of injecting may be far from reality, as there is a large heterosexual HIV epidemic in Kenya and many participants may have been infected by sexual transmission before the start of injecting. If many were HIV positive when they began injecting, there would probably be greater loss of HIV positives than HIV negatives in the injecting population, which would lead to underestimating HIV incidence. We did not observe any PWID who began injecting less than 1 year previously, which may be related to item wording and coding and could lead to underestimation of HIV incidence.
SUMMARY
In the absence of other specific data, we would predict continued moderate growth in HIV infection among PWID in Kenya. If high-quality combination prevention programs for PWID (including NSP, OST, and ART) are rapidly implemented on a public health scale as planned in Kenya, it should be possible to control the current epidemic. The ability to do so, however, may depend crucially on the service coverage levels of NSP, OST, ART, and potentially, PrEP, for PWID in Kenya. Combination prevention including evidence-based packages for PWID has been quite successful in reversing high HIV prevalence epidemics in a number of high-income country settings (eg, Amsterdam, Vancouver, San Francisco). Achieving comparable results in a resource-limited setting such as Kenya would be a major public health achievement.
It is unlikely, however, that HIV prevalence among PWID would approach zero. Residual injecting related transmission of HIV and sexual transmission of HIV among PWID and the entry of HIV seropositive persons into drug injecting are likely to keep HIV prevalence among PWID at least as high as prevalence among the young adult population. Most concerning, the proportion of HIV-infected PWID who were virally suppressed was less than 5% in both study areas, suggesting high levels of circulating virus in this community before NSP introduction. This represents a failure of the HIV treatment cascade goal of optimizing identification, treatment engagement, and successful adherence of HIV positives. Thus, acceptable and available combination prevention including a seek, test, treat, and retain approach for PWID will be necessary to control HIV and improve the health of this key population.
